The study tested the hypothesis that females who sustain stress fractures of cancellous bone have decreased bone density.
INTRODUCTION
It has long been recognized that moderate exercise is a positive factor in bone health. However, exerciserelated injury to bone may occur, frequently in the form of stress fractures. [1] [2] [3] In the female athlete, stress fractures have been reported in a wide variety of sports, especially running, gymnastics, and track and field. [4] [5] [6] The most commonly described sites for stress fracture are cortical ones, including the shaft of tubular bones such as the tibia, the metatarsals, and less commonly, the femoral shaft. Stress fractures have also been described in areas of cancellous bone, such as the femoral neck, pelvis, and sacrum. At our center, we began to question whether an association existed between location of stress fracture (i.e., cortical or cancellous) in the female athlete and underlying bone health. This query grew in part from our familiarity with the female athlete triad, a term recently coined to describe the association of disordered eating, amenorrhea, and osteoporosis in young athletic women. [7] [8] [9] [10] [11] [12] [13] In the athlete suffering from disordered eating, including low calcium intake, the menstrual cycle abnormalities are one of the first changes. These lead to low estrogen levels and subsequent changes in bone mineral density. 14, 15 This premature bone loss is likely related to decreased estrogen levels and may not be reversible. 8 Postmenopausal osteoporosis, which is also related to decreased estrogen, affects primarily areas of cancellous bone, as opposed to cortical bone. We hypothesized that patients who were suffering stress fractures of cancellous bone had a lower bone mineral density than those suffering stress fractures of cortical bone, and we began obtaining dual energy X-ray absorptiometry (DEXA) scans 16 for these patients.
METHODS
We retrospectively identified all patients who were seen at our Women's Sports Medicine Center with a diagnosis of stress fracture. To ensure that the study was specific for stress fractures, only patients who had a positive diagnostic study (radiograph, bone scan, or magnetic resonance imaging [MRI] ) as well as a DEXA scan were included. 17 Chart review, carried out over a 2-month period, indicated that patients with stress fractures were generally referred for DEXA scan if they were deemed to be at high risk of osteopenia. Patients were believed to be at high risk if they had a history of multiple stress frac-tures, a known restrictive eating pattern or eating disorder, abnormal menses, and/or very low apparent body fat. However, the decision to order the DEXA scan was based on the clinical judgement of the treating physician. The majority of our patients have the DEXA scan performed at our institution, although some have it done elsewhere.
Patients with metabolic bone disease were excluded because their stress fractures were considered to be pathologic fractures. Patients who were older than 40 years of age were excluded a priori to eliminate the potential confounding effect of age-related bone loss.
An abnormal DEXA scan was defined as per the World Health Organization criteria for osteopenia, which is greater than 1 SD (standard deviation) below the mean for young adult women. 18 We considered a DEXA scan that indicates osteopenia in either the lumbar spine or the femoral neck to be abnormal since these are both important sites of cancellous bone. We compared the proportions of abnormal DEXA scans in the cortical and cancellous groups with the Fisher exact test. Patient variables studied included the type of bone involved (cortical or cancellous), age, age at menarche, menstrual history, activity level, body mass index, nutritional history, history of oral contraceptive use, smoking, alcohol use, and calcium intake and supplementation. It was impossible to define if the activities involved high impact for all cases, although most patients involved in vigorous or intense activity included some impact loading. These were compared with Student t-test for continuous variables and the Fisher exact test for ordinal variables.
RESULTS
Over a 4-year period, 65 patients were diagnosed with stress fractures at the Women's Sports Medicine Center. Of these, three had metabolic bone disease and were therefore excluded from the study. Eighteen patients were excluded because they had a clinical diagnosis of stress fracture without a confirmatory imaging study, and therefore it is possible that their symptoms were due to a muscle strain, stress reaction, or ligament sprain. Seven patients were excluded because they were 40 years of age or greater (mean 49.0 years, range 40-65 years). Of the remaining 37 patients, 17 did not undergo DEXA scans and were also excluded from further study. Of these 17 patients, 6 had cancellous stress fractures, while 11 had cortical stress fractures. These patients did not undergo DEXA scanning because either the treating physician did not believe them to be at high risk for osteopenia or the patient refused the study.
We studied 9 patients with stress fractures of cancellous bone and 11 patients with cortical stress fractures. The cortical fractures consisted of three metatarsal fractures, one femoral shaft fracture, and seven tibial shaft fractures. The cancellous fractures consisted of four medial femoral neck fractures, one calcaneal fracture, three pubic rami fractures, and one sacral fracture. The time frame from diagnosis to DEXA scan was less than 3 months in all cases. Fifteen of the DEXA scans were performed at our institution and five at other locations. Eight patients with cancellous fractures had DEXA scans that indicated osteopenia while only three of the patients with stress fractures of cortical bone had a scans indicating osteopenia (p ‫ס‬ 0.01) ( Table 1) . Six patients were osteopenic in both areas, three in the lumbar spine only and two in the hip only. The t-and z-score values were very similar since the patients were young overall. The mean t-and z-scores among the cortical group were −0.62 and −0.48 for spine and −0.22 and −0.12 for hip, respectively. The mean t-and z-scores for the cancellous group were −0.84 and −0.71 for spine and −1.17 and −1.00 for hip, respectively.
The age and age at menarche were both similar between the two groups. The age of the patients in the cancellous fracture group was 29.9 years (range 25-37) compared with 28.7 years (range 16-39) in the cortical group (p ‫ס‬ 0.70). The age at menarche of the patients in the cancellous fracture group was 13.9 years (range 12- Activity was graded as inactive, light (walking, gardening), moderate (moderate exercise three times per week), vigorous (vigorous exercise 3-5 times per week), and intense (competitive or vigorous training 5-7 times per week). The activity history of the two groups was similar (Table 2 ). There were a greater number of individuals with a history of restrictive eating or an eating disorder in the cancellous fracture group than in the cortical group (Table 3 ). Oral contraceptive use was similar in the two groups as was menstrual history (Tables 4  and 5 ).
There was only one patient in the study who smoked (cancellous group), while there were six who consumed alcohol (all in the cortical group). All fractures studied healed with activity restriction. Femoral neck stress fractures (all were on the compression side of the neck) were treated with a period of nonweight-bearing ambulation, followed by progressive weight-bearing when radiographic evidence of fracture healing was present.
DISCUSSION
This cross-sectional study examined the association between stress fractures of cancellous bone in females less than 40 years of age and early onset osteopenia as measured by DEXA scan. Stress fractures of cancellous bone were associated with early onset osteopenia (p ‫ס‬ 0.01).
Patients with stress fractures of cortical bone were chosen as our control group for two reasons. First, the patients had to have had a DEXA scan to determine whether osteopenia was present or not. There was a very limited number of young, healthy females who have had DEXA scans for other reasons and who could have served as a control group. The second reason that we used these patients as our control group was that they are relatively well matched to the cases because they exer-cise sufficiently to also suffer overuse injury. Therefore, by using patients with stress fractures of cortical bone as our control group, we may have controlled for certain patient variables associated with the lifestyle of these patients.
The only patient variable that was significantly associated with stress fractures of cancellous bone was a history of an eating disorder or a pattern of restrictive eating. It is possible that the patients who suffered the cancellous injuries had inferior bone mass in part due to chronic malnutrition. However, there were three patients for whom the dietary history was not recorded, and it is possible that the observed association was spurious in nature. Nevertheless, the abnormal dietary habits of this patient population fit the paradigm of the female athlete triad.
Limitations of this study include the fact that it is retrospective in nature and therefore it was not possible to include all patients who presented with stress fractures. Only patients who had a bone density study as well as an imaging study documenting the stress fracture were reviewed. This led to the exclusion of 17 patients who had stress fractures documented by X-ray, bone scan, or MRI but who did not undergo DEXA. It is possible that the DEXA results of these patients would have altered our results. Additionally, patient variables were determined by chart review, and despite our standard history taking forms for these patients, the accuracy of this information is also limited. Lastly, the number of patients included in the study is quite small.
CONCLUSIONS
In summary, a cancellous stress fracture in a female may be a warning sign of early onset osteopenia. We are undertaking a prospective evaluation of bone density including all patients presenting with stress fractures of cortical and cancellous bone to further study this issue. In this study we are collecting detailed information on menstrual history, activity, nutrition, and health-related quality of life.
Currently, based on this evidence, we recommend that females under 40 years of age who have documented stress fractures of cancellous bone or stress fractures of cortical bone with risk factors for osteopenia undergo bone density evaluation.
If the diagnosis of osteopenia is made, we recommend a multidisciplinary approach. Treatment must take into account evaluation for metabolic bone disease, calcium intake, and menstrual history. Certain patients may also benefit from oral contraceptives should oligomenorrhea or amenorrhea persist despite a normal endocrine profile and restriction of activity. In view of the potential irreversibility of bone loss, prompt identification of early onset osteopenia may contribute to reducing future morbidity in such individuals. 
